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Abstract

Introduction: Treatments for cardiovascular diseases have increasingly evolved
with the tendency to offer minimally invasive or transcatheter procedures in-
stead of conventional sternotomy surgery. In this context, we highlight mi-
nimally invasive mitral valve surgery (MIMVS), which has been shown to be
an increasingly solid option with some superior results when compared to the
conventional technique: better pain control, shorter hospital stays, shorter
recovery time, shorter readmission rate in the first postoperative year, better
aesthetic results, and lower overall cost. Aim: This study aims to evaluate
the stages of MIMVS, by primary mitral valve consultation, in our service
and compare these results with data from the literature. Methods: All elec-
tronic medical records of patients who underwent MIMVS for primary mi-
tral valve injury in the Encore Hospital from January 2020 to February 2023
were analyzed. Tabulation and statistical analysis were performed using the
Microsoft Excel® program. Quantitative variables were presented as means,
standard deviations. Results: 46 patients were enrolled in our study (Age:
59.1 + 12.4 years old; 60.8% Female, BMI: 26 + 4.4 Kg/m? Low risk STS
score: 82.6%). The observed 30-day mortality was 2.1%, plastic rate of 23.9%,
blood transfusion rate of 41.3%, length of stay in an intensive care bed (ICB) of
3.3 + 3.3 days and hospital stay of 6.4 + 5.1 days. Conclusions: We noticed
that the MIMVS results carried out in our service agree with data from na-
tional and international literature with approximately 1.3 days more hospi-
talization in ICB.
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1. Introduction

Increasingly, treatments for cardiovascular diseases have evolved with a tenden-
cy to offer minimally invasive or transcatheter procedures instead of conven-
tional surgery by sternotomy. The management of mitral valve diseases has not
been different. The use of repair techniques or transcatheter prosthesis implan-
tation in addition to the minimally invasive technique has grown a lot in recent
years [1] [2]. Specifically concerning the feasibility of minimally invasive mitral
valve surgery (MIMVS), numerous high-volume services have adopted this tech-
nique as a standard approach [1]. There is also significant amount of literature
available, with lack of evidence evidencing superiority or inferiority of MIMVS
compared with the regular sternotomy [1].

Surgery using a minimally invasive technique has proven to be an excellent
option for the treatment of atrioventricular valve diseases. Surgeons specifically
trained in this approach have achieved excellent results compared to those ob-
tained by the sternotomy technique, but with some advantages over the conven-
tional technique, such as: better pain control, shorter hospital stay, shorter re-
covery time, less need for transfusion of blood products, smaller perioperative
infection rates, less need for imaging and laboratory tests and lower readmission
rate in the first postoperative year, better aesthetic result and lower overall cost
[1] [3] [4] [5]. It is important to mention that many of these findings are based
in observational studies and there is still a lack of randomized controlled trials to
confirm these results. The absence of a prospective and randomized study for a
better degree of evidence comparing traditional surgery with minimally invasive
surgery was questioned. In 2023, at the American College of Cardiology con-
gress, the results of the UK Mini Mitral Trial were presented, which demon-
strated non-inferiority of the minimally invasive technique compared to the tra-
ditional sternal approach [1]-[6].

The present study aims to evaluate the outcomes of MIMVS, for primary valve
lesions, in our service and compare these results with data from national and
international literature available so far, and thus contribute to the expansion of
the database on this procedure. This study was approved by the Research Eth-
ics Committee of the Hospital de Urgéncias de Goids under CAAE number:
55996122.0.0000.0033.

2. Methods

Data from 46 patients in the ENCORE Hospital were collected from electronic
medical records (Tasy system®. Philips). from January 2020 to February 2023.
We included data referring to all patients who underwent MIMVS due to pri-
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mary mitral valve lesion during the period proposed for the study. It is impor-
tant to highlight the fact that medical records of patients submitted to MIMVS
due to secondary mitral regurgitation were not included in this research. Due to
the retrospective nature of the present study, the ethics committee waived the
need for the patient’s free and informed consent form. For the outcomes ana-
lyzed, we followed the definitions of the Mitral Valve Academic Research Con-
sortium (MVARC) regarding mortality, hospitalization, neurological events, myo-
cardial infarction, vascular access and complications, bleeding complications, arr-
hythmias and disorders of the conduction system and success of the procedure
[7] [8]. We chose to adopt these definitions following a standardization to enable
a better correlation of data from this work with data from the international lite-
rature. Acute kidney injury (AKI) definitions followed the Kidney Disease: Im-
proving Global Outcomes (KDIGO) standard [9]. All the data were first col-
lected directly from the electronic medical records by a single researcher (DMF).
After that, all the obtained data were rechecked by another author of this pa-
per (GG), aiming to verify/minimize any potential error in the information
collection from the medical records, performed initially by DMF. The tabula-
tion of data was performed using the Microsoft Excel® software in a descriptive
manner. Quantitative variables were presented as means and standard devia-
tions. Qualitative variables were presented in absolute numbers and propor-

tions.

3. Surgical Technique

All patients were operated by the same surgeon. The patient is intubated with a
monolumen endotracheal tube. A central venous access (CVA) was performed
in the right subclavian vein, percutaneously, by the surgeon himself after anes-
thetic induction.

The patient’s right side was elevated in 30°. The patient was connected to car-
diopulmonary bypass (CPB) by cannulation of the femoral artery and vein, usually
on the right side, through an oblique incision of approximately 2 cm in the in-
guinal region after heparinization. To guide the ideal positioning of CPB cannu-
las, transesophageal echocardiography (TEE) was used. The femoral venous can-
nulation was adjusted so that the tip of the cannula could be at 2 - 3 cm in the
superior vena cava. Femoral arterial cannulation was adjusted so that the tip of
the cannula could be placed in the distal abdominal aorta or iliac artery.

Body temperature was maintained around 34°C and a vacuum-assisted ven-
ous drainage was used during the procedure. After lung deflation, a right lat-
eral minithoracotomy of about 4 - 6 cm was performed, just-infra-lateral to the
nipple in men and periareolar in women and, eventually, inframammary to
access the thorax through the 4™ intercostal space. A tissue retractor (Wound
Retractor-Surgesleeve-Medtronic or Alexis®) was used to facilitate exposure as
shown in Figure 1. It can be done video-assisted, or under direct vision. A
surgical instrument suitable for minithoracotomies was used to perform the

procedures.
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Figure 1. Position of patients and retractors. (A) Patient positioned with a thoracic and a
tissue retractor; (B) Better visualization of the thoracic cavity with the thoracic retractor

and the tissue retractor.

A small thoracic retractor was used to spread the ribs apart. The pericardium
was opened 3 - 4 cm anteriorly and parallel to the phrenic nerve from the as-
cending aorta distal to the diaphragm. Clamping aorta was performed using a
Chitwood clamp inserted through a thoracic access of approximately 10 mm
performed in the second intercostal space in the mid-axillary line. When used, a
camera, for video-assisted support, was introduced through a 5 mm port in the
4™ right intercostal space, below the surgical incision.

About 20 ml/Kg of the cardioplegia solution (Del Nido Solution®) was in-
jected anterogradely into the aortic root, through a long cardioplegia cannula
(14 G) over 5 to 8 minutes and repeated after 90 - 120 minutes if necessary.

The mitral valve was accessed through a para-septal incision and a left atrial
retractor (specific for minithoracotomies) was used to expose the mitral valve.
After repair or replacement, the patient was weaned off CPB to assess the quality
of the intervention with transesophageal echocardiography and complete the
deaeration process. Then CPB was quickly resumed, the second plan of closure
of the left atrium was performed, the cardioplegia cannula was removed and the
definitive exit from CPB was performed. Heparin reversal, hemostasis review,
right thoracic drainage with Blake drain No. 24 and appropriate closure were
performed. The result of the scar is presented in Figure 2.

4. Results

From 46 medical records analyzed, we observed that only one surgery occurred
in an emergency setting: severe acute mitral insufficiency due to acute bacterial
endocarditis. The selection of patients for the intervention considered the na-
tional and international guidelines on valvular heart disease. The minimally in-

vasive modality was adopted for every primary intervention.

4.1. Demographic Characteristics and Type of Valve Lesions

The demographic characteristics of the patients submitted to MIMVS are de-
scribed in Table 1. In about 30% of the medical records, it was not possible to
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Figure 2. Final results of scars in the immediate postoperative period. (A) Scar from the
right lateral minithoracotomy in a male patient; (B) Scar from a perialveolar minithora-
cotomy in a female patient.

identify the etiology of the mitral lesion (if rheumatic, degenerative, due to pro-
lapse, etc.), therefore, we only classified the type of lesion (insufficiency, stenosis

or double lesion) which is shown in Table 2.

4.2. Surgery Characteristics

Table 3 shows the characteristics related to the surgery. In describing the length
of stay, both in the intensive care unit (ICU) and general hospital length of stay
(LOS), we adopted the strategy of presenting these data in subgroups of days be-
cause, due to our small sample size, there was one patient who had a prolonged
hospital stay which was very different from the average in relation to most pa-
tients. However, the average length of stay in an ICU was 3.3 + 3.3 days, and the
average HS was 6.4 = 5.1 days. When we analyze the last 12 months only, the
mean ICU stay was 2.3 + 1.7 days, and the mean LOS was 4.9 * 2.4 days.

4.3. Complications

Table 4 and Table 5 show the major and minor complications respectively. Not-
ing that the definitions of complications follow those described by the MVARC
except for the definition of acute kidney injury, in which we use the KDIGO de-
finition, which is more up to date in relation to the Acute Kidney Injury Net-
work (AKIN) definition. Eleven (23.9%) of the 46 patients did not have any sur-
gical complications. As major complications, the 30-day mortality was 2.1% (1
patient). Low cardiac output syndrome during more than 48 hours was observed
in 12 patients (26%) and renal injury KDIGO II-III was present in 13% of the
sample. Considering minor complications, the most frequent was the necessity
of blood transfusion (41.3%), followed by low cardiac output syndrome lasting
less than 24 hours (36.9%) and renal injury (KDIGO I) was observed in 17.3%
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Table 1. Baseline characteristics.

Age, years (mean + SD)
Female, n (%)

Body Mass Index, Kg/m? (mean + SD)

n =46
59.1+ 124
28 (60.8%)

26+4.4

STS score

Low risk, n (%)
Intermidiary risk, n (%)
High risk, n (%)
Diabetes Mellitus, n (%)
Systemic arterial hypertension, n (%)

Atrial fibrillation, n (%)

38 (82.6%)
8 (17.3%)
0

6 (13.4%)
25 (54.3%)

13 (28.2%)

Peripheral vascular didease, n (%) 1(2.1%)
eGFR < 60 ml/min/1.73m? n (%) 3 (6.5%)
Stroke, n (%) 5(10.8%)
Transient ischaemic attack, n (%) 1(2.1%)
Myocardial infarction, n (%) 1(2.1%)
Coronary atherosclerotic disease, n (%) 3 (6.5%)
Myocardial revascularization, n (%) 3 (6.5%)
Chronic obstructive pulmonar disease, n (%) 4 (8.6%)
Endocarditis, n (%) 1(2.1%)
Left Atrium size, mm (mean + SD) 494 +7.6
EDDLV, mm (mean + SD) 53.7+7.6
Left ventricular ejection fraction

<40%, n (%) 0

41% - 49%, n (%) 1(2.1%)

>50%, n (%)
Not found

Probability for PAH
Low probability, n (%)
Moderate probability, n (%)
High probability, n (%)

Not found

43 (93.7%)

2 (4.3%)

13 (28.2%)
8 (17.4%)
22 (48%)

3 (6.4%)

EDDLV: End-diastolic diameter of left ventricle. eGFR: estimated glomerular filtration
rate. PAH: pulmonary arterial hypertension. SD: Standard deviation. STS: Society of

Thoracic Surgeons.
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Table 2. Mitral valve disease aetiology.

n =46
Regurgitation, n (%) 24 (52.1%)
Stenosis, n (%) 4 (8.7%)
Combined, n (%) 18 (39.2%)

Table 3. Surgery characteristics.

Mitral valve repair, n (%)
Mitral valve replacement, n (%)
CPB time, min (mean * SD)
Aortic closs-clamp time, min (mean * SD)
Atrial fibrilation concomitant surgery, n (%)
Conversion to sternotomy, n (%)
Arterial cannulation
Femoral, n (%)

Axilar, n (%)

n =46
11 (23.9%)
35 (76.1%)
113.8 £ 25.4
76.3 20
3 (6.5%)
1(2.1%)

46 (100%)
0

Canula¢io venosa

Femoral, n (%)

Axillary, n (%)

46 (100%)
0

Implanted prosthesis

Biological, n (%)
Mechanical, n (%)
Intensive care unit stay
1 day, n (%)
2 days, n (%)

33 (94.2%)

2 (5.8%)

7 (15.2%)
18 (39.1%)

3 days, n (%) 9 (19.5%)

4 to 5 days, n (%) 6 (13.1%)

26 days, n (%) 6 (13.1%)
Hospital stay

<4 days, n (%) 17 (37%)

5 days, n (%)

6 days, n (%)

7 to 9 days, n (%)
210 days, n (%)

Extubation in operating room

10 (21.8%)
5 (10.9%)
9 (19.5%)
5 (10.8%)

38 (82.6%)

CPB: Cardiopulmonary by-pass. SD: Standard deviation.
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Table 4. 30-day complications: Major complications.

30-day mortality, n (%) 1(2.1%)
Convertion to stenotomy, n (%) 1(2.1%)
Myocadial infarction, n (%) 0

Stroke, n (%) 0

Renal injury, KDIGO II-III, n (%) 6 (13%)
Re-intervention, n (%) 0
Prolonged ventilation > 48 hours, n (%) 2 (4.2%)
LCOS > 48 horas, n (%) 12 (26%)
LCOS with mechanical support, n (%) 0

KDIGO: Kidney Disease Improving Global Outcomes. LCOS: Low cardiac output syn-
drome.

Table 5. 30-day complications: Minor complications.

Transient ischaemic attack, n (%) 0

New onset of atrial fibrilation, n (%) 6 (13%)
New pacemaker, n (%) 0
Pericardial effusion*, n (%) 0
Pleural effusion*, n (%) 3 (6.5%)
Pneumothorax*, n (%) 1(2.1%)
Pneumonia, n (%) 4 (8.6%)
Urinary tract infection, n (%) 1(2.1%)
Groin infection, n (%) 0

Renal injury KDIGO I, n (%) 8 (17.3%)
Phrenic nerve palsy, n (%) 0

Blood transfusion, n (%) 19 (41.3%)

LCOS < 24 hours, n (%) 17 (36.9%)

*Requiring drainage. KDIGO: Kidney Disease Improving Global Outcomes. LCOS: Low
cardiac output syndrome.

of patients.

5. Discussion

Mitral valve repair (MVR) has been established as the gold standard treatment
for severe mitral insufficiency since the publication of the initial repair tech-
niques by Alain Carpentier [10] [11] and in cases where repair is not possible,
mitral valve replacement (MVRP) becomes an option. With the increasing use of
laparoscopy and thoracoscopy surgery, the minimally invasive approach to car-
diac surgery also happened. Specialized centers began to publish minimally in-

vasive approaches to the mitral valve in mid-1990 [12]. These procedures started
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with a partial sternotomy approach or parasternal access, but the parasternal
access was abandoned [13] [14] [15] [16] [17]. Following the evolution of tech-
nology, the technique continued to evolve from the video-assisted approach to
robotic surgery, which is already performed in some centers [12].

There was a lot of questioning, at first, whether the minimally invasive ap-
proach would be better or, at least, equivalent to the traditional median ster-
notomy. In the initial studies, the longer CPB time, surgeon’s lesser visibility
and, in some studies, the increased need for blood transfusions was the triggers
for this questioning. However, with the evolution of the technique, surgical ma-
terials and gain in experience of services and surgeons, nowadays, there is sig-
nificant evidence of some benefits of minimally invasive technique in relation to
median sternotomy; benefits such as: improved survival, better pain control,
shorter hospital stay, shorter recovery time, less need for transfusion of blood
products, lower rates of perioperative infection, less need for imaging and labor-
atory tests and lower readmission rate in the first postoperative year, better aes-
thetic result and lower overall cost, lower risk of thromboembolism, endocarditis
and hemorrhage related to anticoagulation [1] [3] [4] [5] [11] [12] [18]-[26].

One difficulty we encountered in comparing our data was the lack of standar-
dization in the definitions of complications and in the way of presenting them.
To enable future comparisons with our data, we chose to use the MVARC crite-
ria as described in the methods topic. It is noteworthy that our rate of mitral
valve repair was 23.9%, which differs from the international literature, but cor-
roborates with the Brazilian data shown by Costa et al [23] that the rate of mi-
tral valve repair in Brazil is still low due to the limitation of adequate training, as
well as the non-coverage of materials for repair surgery by some health plans and
even by the Health Unic System from Brazil. This can be a confounding factor, as
complications and 30-day mortality are generally lower in valve repair patients
when compared to valve replacement patients [1].

Analyzing the 30-day mortality, we found a rate of 2.1%, which corresponds
to a patient who died due to arrhythmia (sudden death due to asystole) eleven
days after valve replacement surgery, in the context of an emergency, due to se-
vere mitral regurgitation resulting from acute bacterial endocarditis (ABE). In
the context of ABE, Shih ef al [27] found a mean in-hospital mortality of 9.4%
(7% - 23%) in their systematic review published in 2021. In the general context
of MIMVS, the 30-day mortality found by Davierwala et al [11], in their publi-
cation “The Leipzig experience”, was 0.8%. Siindermann et al 2015 [20] pub-
lished a review that indicated a mortality rate of 1.4%. Paparella et al [4] found a
mortality rate of 1.2% in their review of Italian centers. Ko ef al [1] found a
mortality rate of 0.4% when performing valve repair and 2.9% when replacing
the valve but cites groups that reached up to 4.2%. Gammie et al [26] found a
mortality rate of 1.75%.

Our blood transfusion rate was 41.3%. In the rest of the comparative literature
[4] [11] [20] [26], the mean ranged from 25.9% to 41%. Ko et al. [1] found a rate
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of 43.7% for valve replacement and 24.9% for valve repair. It is worth mention-
ing here that, if we analyze only the last twelve months, our transfusion rate was
34.7%, which denotes an improvement in the service’s learning curve.

The average ICU stay was 4.2 (+5) days and the HS time was 7.2 (£6) days.
We chose to present these variables in the form of groups of days per patient, in
Table 3, due to the aforementioned reason. In the comparative literature [1] [4]
[11] [19] [20] [26], the average ICU stay was 1.8 (+1) day, and the average hos-
pital stay was 5 to 12.2 (+£9.4) days. When we analyze only the last 12 months,
the average ICU stay was 2.3 = 1.7 days, and the average HS was 4.9 + 2.4 days,
much closer to centers of excellence in the world.

We had no case of acute myocardial infarction or stroke. Our CPB and aortic
clamping times are very similar to the comparative literature [1] [4] [11] [19]
[20] [26]. We had only one case that required conversion to sternotomy due to
intraoperative bleeding that was difficult to identify through the thoracotomy
window.

It was not possible to compare the duration of mechanical ventilation, as 82.8%
of our patients were extubated while still in the operating room, which is the re-
sult of a great effort by the cardiovascular surgery, anesthesiology, and intensive
care team to provide greater safety and better recovery for the patients. When
only the last 12 months are analyzed, the in-room extubation rate was 95.6%.

There are some limitations in our study that should be mentioned. The study
is retrospective with all inherent limitations. The number of patients is small.
And the variables are subject to several time-related biases such as the team’s
experience.

In general, we can observe that, except for the repair surgery rate, our data are
consistent with the international literature, thus reinforcing the viability and
safety of MIMVS.

6. Conclusion

MIMVS has already been a technique used all over the world, with great safety
results at short and medium-term follow-up. We can observe that our results are
similar to those in the national and international literature with the length of
stay in the ICU 1.3 day longer.
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